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APPARATUS AND MEASUREMENT PROCEDURE FOR THE FAST, 
QUANTITATIVE, NON-CONTACT TOPOGRAPHIC INVESTIGATION 
OF SEMICONDUCTOR WAFERS AND OTHER MIRROR LIKE 

SURFACES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] The present application is a continuation of International Patent 
Application No. PCT/EP02/1 101 1 filed October 1, 2002, the disclosure of which 
is expressly incorporated by reference herein in its entirety. The instant 
application further claims priority Hungarian Patent Application No. 0104057 
filed October 2, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention is directed to an apparatus and process for fast, 
quantitative, non-contact topographic investigation of semiconductor wafers. 

2. Discussion of Background Information 

[0003] The microelectronics industry requires perfectly flat, mirror like surfaces 
having defect-free single-crystal wafers as a base for the production of integrated 
circuits and components. Any deviation from the ideal plane makes the 
manufacturing process difficult or even impossible or decreases the yield of the 
manufactured circuits. Such defects may often originate during the individual 
steps of the crystal and wafer production (cutting, polishing). Many of the 
technological phases of the production of the integrated circuits (annealing, layer 
deposition, patterning) may cause curving or warp of the originally flat surface. 
Consequently, the investigation of the flatness is crucial both for the wafer 
manufacturer and the consumer. Having a suitable investigating procedure ,the 
wafers can be screened before using them, thus sparing many expensive 
technological steps. Not only the microelectronics industry requires the 
investigation of the mirror like surfaces; similar requirements have to be met for 
optical components, for some precision mechanical parts, as well as for the optical 
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and magnetic disks of the IT industry. The investigating procedure requires high 
speed non-contact operation, ability to investigate large-area (diam. > 300 mm) 
samples; high sensitivity, and high lateral resolution (-mm). 
[0004] The requirement of the non-contact operation is met mainly by optical 
devices. In practice, the scanning laser beam and the interferometric methods are 
used. The scanning laser beam procedure uses a small-diameter parallel laser beam 
that scans the surface and from the position of the reflected laser beam the surface 
gradient of the actual surface point is determined, providing the surface 
topography. The disadvantage of the technique is its low speed, high cost and the 
need for high precision alignments. The interferometric procedures can measure 
only small-area surfaces. 

[0005] A different principle is applied in the magic mirror technique (also called 
"Makyoh topography, 55 see, e.g., U.S. Patent No. 4,547,073). This technique is 
depicted in prior art Figure 1, and the principle of image formation is that a 
homogeneous parallel beam 2 falls on a surface 1 to be investigated. If the surface 
is perfectly flat, then a homogeneous spot appears on screen 3 positioned a certain 
distance away from surface 1 . If surface 1 is not uniformly flat, the parallelism of 
the reflected beam is disturbed causing non-uniformity in its intensity distribution 
and an image appears on screen 3 that reflects the topography of surface 1. For 
example, a dent 4 focuses beam 2 causing an intensity maximum 6 on screen 3, 
while a hillock 5 defocuses beam 2 resulting in an intensity minimum 7. The 
sensitivity of the technique increases with increasing sample-screen distance. In 
practice, this basic set-up can be replaced by other, optically equivalent set-ups. 
For example, the collimated beam can advantageously be produced by a point 
source located in the focal point of a lens or a concave mirror. The beam reflected 
from the sample can pass through the lens or can be reflected from the concave 
mirror and the image can appear on a CCD camera. With suitable set-up, the 
sensitivity of this method meets the strictest requirements of the semiconductor 
industry, e.g., detection of a 0.05 [im deep surface dent over a 0.5 mm distance has 
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been reported. However, the disadvantage of this method is the lack of the 
quantitative evaluation. 

[0006] International Publication No. WO 00/29835 discloses a completed set-up, 
as described above, by taking two pictures at two different sample-screen 
distances; the surface topography and reflectivity map was determined by the 
iteration of the diffraction integrals of the surface. The method can provide 
quantitative results, but the disadvantage is the extreme slowness of the, algorithm 
and the. high requirements concerning the quality of the beam and the mechanical 
adjustments. 

[0007] Prior art Figure 2 illustrates a set-up described that is similar to the magic 
; mirror arrangement [see K. H. Yang, Journal of the Electrochemical Society, Vol. 
132. p. 1214. 1985]. In this set up, a light beam collimated by a collimator 1 falls 
to surface 3 and a reflected image is formed on screen 4 located some distance 
away from surface 3. The illuminating beam 1 traverses a quadratic grid 2, and 
from the position of the image of the grid points, a suitable algorithm calculates 
the curvature of the surface. The reported evaluation method is suitable only to 
determine uniform curvatures. A further disadvantage is that, as a consequence of 
the great grid-sample and grid-screen distances, the diffraction effects cause 
blurring of the image of the. grid, which results in an inaccurate determination of 
the grid points. Thus, the error of the method increases. Moreover, greater 
deformation may cause an overlap of the image of the grid points that inhibits 
evaluation, and limits the density of the grid points decreasing the achievable 
lateral resolution. The non-normal incident angle causes additional distortions. 
Another serious disadvantage is the great size of the set-up (several meters).. 
[0008] The Hartman test is known for the evaluation of optical components, 
especially astronomic mirrors of large diameter, by projected masks [see Optical 
shop testing, ed. D. Malacara, John Wiley and Sons, New York, 1978, p. 323.] A 
typical realization of the technique is shown in prior art Figure 3, in which the 
light of point source 1 is projected to surface 3 to be investigated through a mask 
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2, which is an opaque plate with holes, and the beam reflected through the holes 
reaches screen 4. From the position of the reflected beam of a given (x,y) point on 
screen 3 5 . the height of the point h(x,y) compared to a reference point having an. 
arbitrarily chosen height of zero, can be calculated by the summation 
approximation of an integral where the summation is carried out between the 
reference and the given point on the route defined by the neighboring holes of 
mask 2. The members of the summation are the product of three quantities: a 
geometrical constant characteristic to the optical lay-out the difference of the 
measured coordinates of the ideally flat and the real surface, , and the distance 
between the given and the neighboring points. For example, for quadratic grids the 
calculation can be carried out by the equation: 

. y^jfT, M*; - f xi ) + ax^; - / yi )] • ... 

where L is the geometric constant, Ax and Ay are the lengths of the grid projected 
on the sample surface, (fxhfyd are the measured coordinates of the image of the 
surface point (x h yi) and (x,', y^) are the coordinates of the image of the point (x h 
yi) for an. ideal flat surface. In the practice, more accurate but essentially not 
different integral approximations can be used. 

SUMMARY OF THE INVENTION 
[0009] . The present invention provides a measurement set-up for the non-contact, 
fast quantitative topographic investigation of semiconductor wafers and other 
mirror-like surfaces 

[0010] According to the instant invention, an apparatus for fast, quantitative, 
non-contact topographic investigation of samples, includes a light source, and a 
collimating concave mirror structured and arranged to produce a parallel beam and 
to direct the parallel beam to a sample to be investigated. A structured mask is 
located between the light source and the concave mirror, and an image sensor 
structured and arranged to receive a beam reflected from the sample and the 
concave mirror. Relative positions of the mask and the sensor to other elements of 



P25051.S02 



the apparatus are chosen to provide an essentially sharp image of the mask on the 
sensor. 

[0011] In accordance with a feature of the invention, the samples can include 
semiconductor wafers and. other mirror-like surfaces. 

According to another feature of the instant invention, the light source may include 
substantially a point source. 

[0012] Further, the concave mirror can include an off-axis parabolic mirror. 
[0013] In accordance with still another feature of the invention, the structured 
mask, may include a quadratic grid. 

[0014] According to a further feature, the image sensor can include a CCD 
image sensor. 

[0015] Moreover, the apparatus can include a converging lens positioned in front 
of the light source to be in a beam path. 

[0016] Further, the light source can include a laser and a converging lens 
structured and arranged to provide a diverging beam. 

[0017] The light source can include a laser with a built-in converging lens that is 
structured to provide a diverging beam. 

[0018] Further, one of a converging and a diverging lens can be positioned in 
front of the sensor to be in a beam path. 

[0019] According to the invention, at least one flat mirror can be positioned 
between the light source and the concave mirror to fold an optical path. At least 
one of the at least one mirror can be a partially transmitting mirror. Further, at 
least one of the at least one mirror may be a semi-transparent mirror. 
[0020] In accordance with another feature of the invention, at least one flat 
mirror may be positioned between the sample and the concave mirror to fold an 
optical path. At least one of the at least one mirror can be a partially transmitting 
mirror. Moreover, at least one of the at least one mirror may be a semi-transparent 
mirror. 
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[0021] Still further, at least one flat mirror can be positioned between the sensor 
and the concave mirror to fold an optical path. At least one of the at least one 
mirror may include a partially transmitting mirror. Further, at least one of the at 
least one mirror can include a semi-transparent mirror. 

[0022] According to a still further feature of the present invention, a computer 
can be coupled to the sensor, and the computer may include an algorithm to 
calculate a height of a given point of the sample from a position of an image point 
on the sensor. 

[0023] The invention is directed to a process for fast, quantitative, non-contact 
topographic investigation of a sample in the above-noted apparatus. Further, the 
process can include calculating the height of a given point of the sample from a 
position of an image point on the sensor. 

[0024] The present invention is directed to a process for fast, quantitative, non- 
contact topographic investigation of samples. The process includes directing light 
through a structured mask onto a concave mirror, directing collimated light to a 
sample to be investigated, receiving a beam reflected from the sample and the 
concave mirror, and positioning the mask and the sensor in relation to the mirror 
and the sample to provide an essentially sharp image of the mask on the sensor. 
[0025] According to the invention, the process investigates samples that can 
include semiconductor wafers and other mirror-like surfaces. 
[0026] In accordance with the instant process, a light source is arranged to 
produce light. 

[0027] According to a feature of the process, the concave mirror can include an 
off-axis parabolic mirror. 

[0028] Further, according to the process, the structured mask may include a 
quadratic grid. 

[0029]. • In accordance with still another feature of the process, the image sensor 
can include a CCD image sensor. 

[0030] The process can also include converging the beam before the mask. 
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[0031] In accordance with still yet another feature of the present invention, the 
process can include folding an optical path between the sample and the mirror. 
[0032] Other exemplary embodiments and advantages of the present invention 
may be ascertained by reviewing the present disclosure and the accompanying 
drawing. 

. BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] The present invention is further described in the detailed description 
which follows, in reference to the noted plurality of drawings by way of non- 
limiting examples of exemplary embodiments of the present invention, in which 
like reference numerals represent similar parts throughout the several views of the 
drawings, and wherein: 

[0034] Figure. 1 illustrates a prior art scheme of the image formation of a magic- 
mirror surface examining apparatus; 

[0035] Figure 2 illustrates the prior art surface examining apparatus of Yang; 
[0036] Figure 3 illustrates the prior art , optical lay-out of the Hartmann-test 
method; and 

[0037] Figure 4 illustrates a preferred embodiment for the measurement set-up in 
accordance with the features of the present invention. . 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
[0038] The particulars shown herein are by way of example and for purposes of 
illustrative discussion of the embodiments of the present invention only and are 
presented in the cause of providing what is believed to be the most useful, and 
readily understood description of the principles and conceptual aspects of the 
present invention. In this regard, no attempt is made to show structural details of 
the present invention in more detail than is necessary for the fundamental 
.understanding of the present invention, the description taken with the drawings 
making apparent to those skilled in the art how the several forms of the present 
invention may be embodied in practice. 
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[0039] The present invention provides a measurement set-up for the non-contact, 
fast quantitative topographic investigation of semiconductor wafers and other 
mirror-like surfaces, as illustrated in Figure 4. The set-up includes an essentially 
point light source 1, a concave mirror 4 that makes the beam of the light source 
parallel and projects the collimated light beam onto a studied surface 5.. A 
structured pattern mask 3 is situated between light source 1 and mirror 4, and an 
image sensor 6 is situated in the path of the light beam reflected from mirror 4. A 
computer 8 is connected through an appropriate interface 7 to sensor 6 to visualize 
or produce the image sensed by sensor 6 on a monitor 9 connected to it. Further, 
computer 8, with a suitable algorithm (e.g., a correlation method), determines the 
position of the image elements of the mask's image. 

1 [0040]. The instant invention also provides a measurement procedure, which, 
determines the surface topography of semiconductor wafers and other mirror-like 
surfaces from the coordinates of the image elements described above and from the - 
coordinates of the image elements of a flat reference surface via the set-up 
described above and the algorithm of the Hartmann test described above. 
According to the invention, the positions of mask 3 and image sensor 6 are chosen 
in such a way that an essentially sharp image of mask 3 is formed on the sensor 
surface. Thus, the accuracy of the determination of the mask's image elements 
and, consequently, the accuracy, lateral resolution and dynamic range of the 
measurement procedure is markedly improved. 

[0041] In an alternative embodiment of the present invention, acollimating lens 
can be placed in front of light source 1, i.e.., in its optical path, so that this lens 
makes the light beam emitted by light source 1 less divergent. . In this manner, 
light source 1 can be placed closer to mask 3, such , that the size of the 
measurement apparatus can be decreased. 

[0042] In an alternative embodiment of the invention, a laser light whose source 
is made divergent by a converging lens can be utilized in place of light source 1 . 
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[0043] In another alternative embodiment of the invention, a converging or 
diverging lens can be placed in front of. image sensor 6. In this way 3 an 
appropriate magnification and sensitivity can be set-up.. 

[0044] In a further alternative embodiment of the invention, the light path 
enclosed by image sensor 6 and studied surface 5 or the light path enclosed by 
light source 1, studied surface 5 and situated on either side of mask 3 is folded by 
one or more plane mirrors. . These mirrors can include one or more semi- 
transparent mirrors. In accordance with this embodiment, the size of the 
measurement set-up can be decreased. 

[0045] In the exemplary embodiment of Figure 4, concave mirror 4 is an off-axis 
parabolic mirror, in whose , focal point the point light source is situated. The 
advantage of the off-axis parabolic mirror is that the respective light paths are 
perpendicular to the surface of mask 2, to studied surface 5, and to image sensor 6. 
Thus, the errors associated with the non-normal light incidence of previous set-ups 
are decreased. Another advantage of the off-axis parabolic mirror over to spherical 
mirrors and lenses is the lack of optical aberrations. According to the invention, it 
is advantageous if, in the exemplary embodiment of the invention, the light beam 
reflected first from studied surface 5 and then from concave mirror 4 is projected 
onto the surface of image sensor 6 by a semi-transparent mirror, 
[0046] . Moreover, it is understood that the embodiments described above can be 
combined with each other without departing from the spirit and scope of the 
instant invention. . 

[0047] Further, the instant invention provides advantages over the above- 
discussed earlier solutions, in that the instant invention is suitable for the fast (in 
practice, real-time), quantitative, automated, reproducible determination of the 
surface topography, and lateral resolution is improved. 

[0048] It is noted that the foregoing examples have been provided merely for the 
purpose of explanation and are in no way to be construed as limiting of the present 
invention. While the present invention has been described with ^reference to an 
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exemplary embodiment, it is understood that the words which have been used 
herein are . words of description and illustration,, rather than words of limitation. 
Changes may be made, within the purview of the appended claims, as presently 
stated and as amended, without departing from the scope and spirit of the present 
invention in its aspects. Although the present invention has been described herein 
with reference to particular means, materials and embodiments, " the present 
invention is not intended to be limited to the particulars, disclosed herein; rather, 
the present invention extends to all functionally equivalent structures, methods and 
uses, such as are within the scope of the appended claims. . 
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